AD-757 778

ANALYSIS OF EXPLOSIVES IN SEA WATER AND
IN OCEAN FLOOR SEDIMENT AND FAUNA

John C. Hoffsommer, et al

Naval Qrdnance Laboratory
White Oak, Maryliand

September 1972

DISTRIBUTED BY:

NS

Natienal Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road. Springfisld V=, 22151




L X S A AT S
4 -
’ R
.
~
1
¥
~
P
“;‘
;'I

Ead

BOLTR 72-215

TTYE

ANALYSIS OF EXPLOSIVES IN SEA WATER
AND IN OCEAN FLOOR SEDIMENT AND FAUNA

By

Jolin C. Hoflsommer
Donald J. Glover
Jerome M. Rosen

«- ; o fl
31 SEPTEMBER 1972 E v N7 i;

-1
HS w&g}iu 5
| o

-

i

SILVER SPRIRG, MARYLAND

W‘w

%é%’ﬁi. 3?9%5%% L&BBRJG?? WHITE 04K,

[
|
E
|

wy
9 _ APPROVED FOR PUBLIC RELEASE;
R DISTRIBUTION UNLIMITED
=
Q-
g ‘




UNCLASSIFIED

Sedonty Clacwaification
DOCUMENT CONTROL DATA.R&D
Securety clasaificatern of ¢ tle ind, f sbteact and tnde ey snrolation ~ ot he entered when the overall report 1s classified)
1T ONIGINATING ACTHYiY s Lurporste author) B FTOORY SECURITY CLASSIFICATION
Naval Ordnance Laboratory UNCLASSIFIED
. Silver Spring, Msryland 20910 2 chour

3 RLPOR™Y T T F

ANALYSIS OF EXPLOSIVES IN SEA WATER AND IN CCEAN FLOOR SEDIMENT AND FAUNA

4 TESCRIEYIVE NOYES (Type of report and inclusive dates)

S AUTHMORS) *First neme, muddle :n1ral, lasat name)

John C Hoffrommer, Doneld J. Glover and Jerome M. Rosen

v REPORY! CATE /8. TOTAL NO OF PAGES 6. NO OF RErS
11 Septertor 1972 16 3

Sa CCONTRACY OR GRANT NO 8. ORIGINATOR'S REFORT NUMBERLS)

b. PROJECY N2 NOLTR 72_2_15

<. 95 OTINEAR REPORT NOLIS, (Any offef nunbers thet may be assigned

thts report)
.
1¢ DISTRIBUTION STATEMENT

Approved for Public Release; Distribution Unlimited

11 SUCPLEMENTARY NCTYES 12 SPONSORING MILITARY ACTIVITY

Naval Oceanographic Office

13 ABSTRACT

Anglyses for TNT, RDX, Tetryl and ammonium perchlorate have been made
on sea water, sediment and ocean floor faune samples teken from a munitions
duuping area 55 miles west of Cape Flattery, Washington; ané on similar
sgmples teken 172 miles soutp-southeast of Charleston, South Carolina. No
explosive conteminents were found iu any of the samples examined.

New procedures were developed for determining TNT, RCX and Tetryl in
ocean 7loor sediment and fsune employing a combination of thin layer and
gas chromatogravhic technigques. Ammonium perchlorate was measured by its
reactionr with tetraphenylarsoniur chloride which produced an insclutle
perchlorate salt.

DD 201473 (Pace 1 . UNCLASSIFIED

S/N 0101.807.6801 ‘ ﬂ Security Classification




E UNCLASSIFIED

Secunity Classification

1s

KEY WORTS

LINK A

LiINg B

LINK C

ROLE wT

RCLE Y

ROLE wT

Analysis

Explosives

Sea Water

TNT

RDX

Tetryl

Ammonium Perchlorate

DD "¥.1473 w0 )

(FAGE: 2}

URCLASSIFIED

Secur‘ty Classificution




NOLTR T2- 215

. ANALYSIS CF EXPLOSIVES IN SEA WATER
AND IN OCEAN FLOOR SEDIMENT AND FAUNA

Prezared by:
John C. Hoffsommer, Donald J. Glover and Jerome M. Rosen
ABSTRACT: Analyses for TNT, RDX, Tetryl and ammonium perchiorate have been made oa
sea water, sediment and ocean floor fauna samples taken from & munitions dumping
area 35 miles west of Cape Flattery, Wasnington; and on similar samples taken
172 miles south-southeest of Charleston, South Carclina. No explosive contaminants

wvere found in any of the samples examined.

New procedures vere developed for detcrmining TNT, RDX and Tetryl in ocean flocr
sediment and fauna employing a combination of thin layer and gas chromatographic
techniques. Amcnrium perchlorate was measured by its reaction with tetrapkenyl-

arsonium chloride whicn produced an inscluble perchlorate salt.
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ARALYSIS OF EXPLOSIVES TN SEA VATER AND IN OCEAN FLOOR SETIMENT AND FAURA

Ultreaicro methods of enalysis are described for the determination of explosive
conteminants in oceanographic samples. The work reported is part of a broad
eavironmental survey sponsored by the Ocesnographer of the Navy and was funded by

the Naval Ocesnographic Office Work Request WR 2-COT6.

ROBERT WILLIAMSON II
Captain, USN
Commanier

e . 7 i . ’
ALBERT LIGHTBODY
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INTRODUCTION

The Jceandgrapher of the Navy has supported a comprehensive environmental
survey »f two ocean sites, in the Atlantic and Pacific, where surplus &and obsolete
funiticns had been dumped in A°2p water (1) The Survey goal was t~ determine
whethier the munitions had. in eny measurable vay, altered the environment Our
part of the task wes to search for explosives contamination in t'e sea water and
in the oceen floor sediment and fauna. In g previous closely related study, a
method was developed for t-e Quantitative analysis of explesives in sea water; ang
results were reported on sea water samples taken ct two muniticns “um>trg areas (2).

WEST COAST SURVEY

Sea water, sadiment and ocean floor fsuns samples tgken in September, 1971,
during the West Coast Survey >f Deep Water Dump Sites XVI through XX were received
at the Nevel CrAngnne Laboretory late in September. weter sample. vere stored 4n
2 refrigerstor while sedimen’ and favna samples were stored in the freezer compart-
ment. The refrigerecor had pever been used for storage or explosives, prior to its
us< for the oceanographic samples.

Description of Samples

(a) Sea Water

Distance sbove

Semple Bottle Station Bottom, Meters location
5 1 20 4°16.3' N 127° 0.09" ¥
6 1 ) 4°16.3° 8 121 ¢ 29' W
1 2 20 482 22.8° N 126° 5501 y
12 2 2 w 22.8' N 127° 55,00 4
1
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Water samples teken at stations 3, 4 and S did not zurv.-s: shipment to our

leboratory as the; were packed in dry ice. The bottles were very badly cracked,

to the extent the samples could not be used.

(b) Sediment
Sample Depth,
Station Meters Iocation
1 2621 48° 16.7' N 127° 05.8' W
2 2594 4% 22.2' N 126° 55.2' W
3 2586 4u° o8.0' N 227° O4.T' W
4 2553 ¥° 50.5' 8 1271° 02.5' W
5 2043 u° 37.6' 8 127° 00.5' W
(¢) Fauna
Station Trawl Type Location
1 1 Rat Tail Fisb 48° 17.9' § 127° 05.5' W
1 2 Sea Cucumber 48° 18.35'8  127° 00.8' W
2 3 Sea Cucumber 48° 21.5' n  226° 56.4" W
3 7 Sea Cucumber L8° o7.7' K 127° 04.8' W
5 10 Rat Tail Fish 43° 38.7* N 126° 57.5' W

We received no sample from station 4.

EAST COAST SURVEY

Sea water, sediment and ocean floor fauna samples taken in December, 1971,

during the East Coast Survey of Deep Water Dump Site IX were received at the

Naval Ordnance ILaborator:r late in December.

Description of Samples

(a) Sea Water

Samnle Depth,
Sample No. Station Meters location .
1 2 lLisa 958 310 W4 2' N TEC° sh.4 W
2 2 Lisa 2036 31° kk.2'' § 76° sk W

n

*.,*W—-—-—-—-—-_
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Sea Water (Cont.)
Sample Depth,
Sample No. Staticn Meters Location
3 2 Lisa 2150 31° bh.2' N 767 54.5' W
: 4 2 Lise 2167 1% 4h.2' N 76" sh.i W
5 2 lisa 2215 31° bh.2' N 760 Sk.b W
6 2 Lise 2242 1% 42 N 76° sh.br W
(b) Sediment
Station Depth, Meters Iocation
1 2255 31° 39.uk° § T6° 55.7h W
2 2255 31° 43.95' § 76° 54.00' W
(c) Fauna
Depth,
Type Trawl Meters Tocation
1 Phormosoma sp. i 2500 31°86.13*' N 76° 52.0' W
6 Bathypectinura sp.; 1 2500 31° 4€.1' N T6° 52.0° W

1 fi=b

ARALYTICAL PROCEDURES

A. Organic: TNT, RDX, Tetryl

(s) Sea water

The detailed proacedure for the ultramicro enalyses of TNT RDX, anda Tetryl in
sea water samples is described in reference (2). However, briefly cutlined: &
100 m: sample of sea water is extracted with 30 to 40 ml benzene; the benzene is
evaporated to a small volume and injected intv & resesich ges chromstogreph
equipped with a high temperature nickel 63 electron capture detector. Chromato-
grapaic traces of the see water extracts are compered to the chromatogrephic
traces of standard solutions of TNT, REX, and Tetryl. Retention times and areas

of peaks are messured by means of an sutomstic digitel '-~te:rstor to an accuracy
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of +1 second for retention times and an integration aree count of approximately
9 counts/mz. Detection levels for TNT, RDX, and Tetryl have been determined to
be 2, 5, and 20 parts per trillion, regpectively, under normsl routine vorking
conditions.

(b) Sediment

A modification of the procedure given in (a) was used for the analyses of
INT, RDX, and Tetryl in sediment samples. Seventy-five to 100 grams of the sedi-
ment sample were stirred or tritureted with 50 mi benzene depending on the sample
consistency. The benzene extract was decanted into a 100 m1, r.b. flask for
vacuum evaporation. Benzene extracts were ceatrifuged prior to evaporation only
in those cases where the solutions were turbid.

After evaporation of the benzene extract under reduced pressure (17-Z0mm/20°C),
the flask was rinsed with 1.0 ml of pesticide quality benzene and transferred to
8 5.0 ml1 test tube. The benzene was again completely removed under reduced pres-
sure. A total of 0.050 ml of benzene was added to the residue and after swirling
and mixing the contents of the test tube, 0.025 ml of this solution were spotted
along a narrow band in 5 separated spots onto a ChromAr 500 TIC sheet (glass friber
thin-layer chromatographic (TIC) paper consisting of TO percent Silicar TIC TF
containing s short wave, 254 nm, UV phosphor on 30 percent glass fiber). Simul-
taaecusly, & standard mixture of TRY, RIX, and Tetryl ~n benzene was spotted to
the right of this band, as a guide.

The fluoreacent ChromAr sheet was developed in an sscending manner with
hexane/acetone : 45/5 as eluent. After air-drying the ChromAr sheet in a hood
for 5 minutee, zones for the standard TNRT, RDX, and Tetryl were located as dark
spots under 254 nm UV light Corresponding areas to the left of these stendards
wvere cut out of the ChromAr sheet by means of a cork-borer, and transferred to a

5.0 ml beaker. These ChromAr discs w- extracted three to four times with a




—

NOLTR 72-215

total of 1.0 to 1.5 ml of benzene by swirling and decantation. The benzene
extrac%s were combined into s 2.0 ml semple tube with a tapered bottom and the
benzene completely removed under reduced pressure (17-20mm/20°C‘. A total of
50 ul of benzene was added to the tapered tube together with 5 »1 of o-dinitrobei-
zene (4.5 X lo-log/ul) as internal standard. After throughly mixing, a 5 to 6 &« 1l
injection of this sclution was made into the gas chromatograph. At this point,
the procedure follows that reported for the analysis of sea water.

(¢) Fauna

Rat tail fish and sea cucumbers ware analyzed for TFT, RDX, and Tetryl content
with some modiricelion of “he procedure of that given in (2). Seventeen to
43.7 grams of the fauna sample was homogenized with 50 to 75 ml benzene in 4
Waring Blender for 5 minutes. This mixture was then centrifuged fur 5 minutes
ané the supernstant benzene layer filtered through a Versapor membrane filter w:
a pore size of 1.2 micreas (Gilme . Instrument Company, Cat. No. 642G). The :lear,
slightly yellow-orange benzene filtrate was trensferred to a clean, r.b. 100 ml
flask and analyzed as in procedure (b). To make certain that the zones for ?NT,
RDX, anu Tetryl would be completely separated from the organic dyes and other
ratter of the samples soluble in benzene, the ChromAr TIC sheets’ were developed
a total of three times with a drying period of 10 minutes between each elution.
Failure to completely separate these zones from organic interferences will cause
high backgrounds in the vapo:r phase chromstograph:~ traces.

By intentional injection of 4.1 X 10 | g TNT, 11 X 10 ' g RDX, and

17 X 1077

g Tetryl into a 51.4 grar -ea cucumter, followved by subsequent work-up
and aniysis, limits of detection for TRT, RDX, and Tetryl are estimated to be

12
47, 123, and 74O parts per trillion, (10 ) respectively.

".- 17 ™ T
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B. 1Inorganic: Ammonium Perchlorate

() 3ea Water

An analytical procedure has been established for the determinatiom of ammonium
perchlorate in sea water at a concentration down to ome part per million. It is
based on the use of en ion specific szlectrode, (Oriom Research Corporstion) which
develops a potential acros: a thin porous inert membrane.

The potential measured is a function of perchlorate concentration. A reference
curve is prepared using a standnrd (Copenhszen) sea water to which is added kmown
amounts of perchlorate. Differences in sca water saEples may cortribute to s
small uncertainty in the measurements, particularly at low concentration. For
~lear sea vater, the method gives satisfactory results in the 1 ppm ramge, using
& Beckman Research pH Meter.

Ammonium perchlorate may also be determined by a resctiom with tetrapheaylar-
sonjum chloride which forms a very insoluble sait, tetraphenylarsonium perchlo-
rate (3). The reaction produces a very distimct turbidity with 1 ppm ammonium
perchlorate in sea water. With the aid of a Colemam Nepho-Colorimeter, one may
obtain snalyses approaching 0.1 ppm ammonium perchlorate. However, if the solutiom
is too dark, this instrumeat canaot be used. In that case, the ammonium perchlorate
can be determined vis:aliy by passing a narrow beam of light through a glass com-
tainer with the finely dividedi tetraphenylarsomium perchlorate. About 0.1 prm may
be estimated reascnably well.

(b) Sediment

A sediment sample of 25 to 35 grams was stirred with distilled water for
several hours, after which the sediment was removed using a centrifuge. Ammcnium

perchlorate was measured by the turbidiiy of tetraphenylarsonium perchlorate.
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(c) Fauna

Water was used to extract ammonium perchlorate frcx the f'suna samples of about
25 grams. Small pieces were stirred under about 100 ml water for at least
eight hours. OGmall particles of fauna could not be removed from the water either
by filtraticn or by separatiom using a centrifuge. However, these particles were
coagulated with hydrochloric acid. To the clear filtered solution, tetraphenylar-
sonium chloride was added for s pe.chlorate determination. The jion specific

electrode cannot be used with the fauna extract as a spuricus reading is obtained.
DISCUSSICN

In none of the samples did we fiad explosive materials. Tne gas chromastograph
described is & particularly sensitive instrument. If explosive contaminants ere
present, they must be at concentration levels below those previously stated. Im
the case of weter sswples. only the two lowest level samples were analyzed.

Cther levels were sampled to obtain a varticsl distribution or tioe eipiucive com-
taminant, and were %o be snalyzed only if explosives were detected in the bottom
erea. It is quite fortumate that water samples from station 1 off the west coast
vere received as this station represents the ceater of the dumping zrea. 1o
explosive contaminants are not present im the center of the dumping area, the
probability is near zero that eny would be found from 2 to 15 miles away from the
ceater.

In any project deasling with trace detection and determination of chemical
gpecies, extreme care must be used in the selection of sample containers and in
the actual handliag of the samples. Instructions were provided for shipboard
perscanel taking the samples. That these instructions were followed was substan-

tiated by the relatively low background "noise” in the gas chromatograph traces.




NOLTR 72-2:5

ACKNOWI ZTGEMENT

Samples in the Pacific area were tgkea by Naval Ocesnographic Office

personnel; samples in the Atlantic area were taken by Navel Research laborstory

personnel. Valuable assiztance w23 provided by LICDR Ronald C. Tipper,
staff of the Oceenographer of the Navy.

on the




NOLTR T2- 21~

REFERENCES
Ocean Dumping, A National Policy, page 6, October 1970,
Government Printing Office,
John C. Hoffsommer and Jerome M. Rosen, "Analysis of Explosives
in Sea Water,"” Bulletin of Environmental Contamination and
Toxicology, T, 177 (1972),
D. J. Glover and J. M. Rosen, "Assay of Ammonium Perchlorate
by Precipitation with Tetraphenylarsonium Chloride, mal.

Chem., 37, 306 (1965).




NOLIR T2-715

APPENDIX A

SAMPLE HANDLING INSTRUCTIONS

Use new Pyrex bottles, 250 to 500 ml size, with a Standard Taper Stopper.
The bottles should be washed with socap and water and then givea at least five
rinses with good quality water. Do not touch the ground glass surface of the
stopper, or allow the surface to touch any coataminant. When mecessary, the
stoppers may be placed on aluminum foil, which provides a good clean surface.
Rinse the bottles at least twice with 50 to 60 ml of the sea water sample to be
returned. Finally, £ill the bhottle and hold the stopper in place with a sturdy
tape. Electrical insulating tape works very well. Store the samples in a cool
dark plece prior to return for analysis. Do not freeze. Wide mouth bottles
should be used for the fauna samples. The bottles should be new and the same

meticulous care used in cleaning and handling these as the other sample bottles.




